Determination of kinetic parameters of enzymes is important in biotechnology research. It is also one of the most challenging processes in methanol production. The activity of enzyme is determined in term of initial rates at various substrate concentrations. The enzymatic hydrolysis of methanol by pectin methyl esterase (PME) enzyme was investigated at 25 °C and pH 9 over the reaction time range from 0 to 90 min. In this study, the parameters of the enzyme's kinetic, KM and Vmax were directly determined using a modified Michaelis-Menten equation by applying the Lineweaver-Burk plots. Besides, nonlinear regression of Michaelis-Menten equation was calculated based on Euler's and Runge-Kutta 4 th order methods by using Solver supplement application. The result of kinetic constant was tested by comparing the experimental data with model predictions. It was found that Euler and Runge-Kutta method was successful in determining the kinetic parameter rather than Lineweaver-Burk plot. The application of the Michaelis-Menten equation describes the enzyme kinetic very well. From the kinetic analysis, it showed the good agreement between the result obtained and the predictions model in the production of methanol using PME enzyme.
Introduction
The depletion of fossil fuel supply has triggered the application of biomass as an alternative and renewable source of fuel and energy [1] . Biomass can be converted to methanol that widely used as alternative fuel for internal combustion and other engines, either in combination with gasoline or directly. Besides, methanol also can be used as solvent for the extraction process [2] .
Industrial crop, forest and forage residues were the examples of biomass that commonly used to produce methanol. Pectin methyl esterase (PME) enzyme was used to convert the pectin from biomass residues to methanol. The enzymatic hydrolysis of biomass by using pectin methyl esterase (PME) enzyme can be done to produce methanol [3] . The used of enzyme can enhance the rate of biochemical reactions [4] .
Determination of kinetic parameters for the enzyme activity is one of the most challenging processes in methanol production. The activity of enzyme is determined in term of initial rates at different concentration of substrate and time-course reaction analysis [5] . The analysis of reaction over time provides information about the enzyme properties in a single experiment. The kinetic data provide information about the initial substrate concentration, the concentration between the time interval and the end of concentration after the reaction process. The problem in enzymatic hydrolysis can be classified into three classes which are the activity of enzyme, the complexity of substrate and the interaction of enzyme-substrate [6] . The most popular mechanistic model for simple enzyme kinetics was developed by V.C.R. Henri in 1902 and by L. Michaelis and M.L. Menten in 1913. Kinetics of simple enzyme-catalyzed reactions is often referred as Michaelis-Menten kinetics [7] . In this model, the single-substrate-enzymecatalyzed reaction involves a reversible step for enzyme-substrate complex formation and a dissociation step of the enzyme-product complex. The process is represented schematically by the Equation 1 . This equation describes the enzymatic equation between the substrate and the product that produce during the reaction process [8] .
(1)
From the equation, E represents the enzyme, S is a substrate, and ES is an enzyme-substrate complex that may generate or dissociate a product P and release the enzyme. MichaelisMenten equation (Equations 2 and 3) was used to determine the value of KM and Vmax for the activity of enzyme.
These equations could be linearized and rearranged to obtain Equation 4 [9] . This study compared the determination of enzyme kinetic parameters (KM and Vmax) using the conventional Lineaweaver-Burke plot and non-linear method (Euler's and Runge-Kutta 4 th order methods). In this methanol production, the lime peel juice is E that contained PME enzyme, the pectin solution is S, and the various methanol concentration are P, and v is the reaction velocity.
Materials and Methods

Extraction of PME from Lime Peel
Lime fruits were purchased at a local supermarket. The limes were peeled to obtain the peels. The extraction of PME enzyme was done by suspending the lime peels into 5 M NaCl solution. The ratio between the peels and NaCl solution was 1:4 (w/v). The centrifugal juice extractor was used to extract the peel for 1 min. The supernatant was filtered through cheesecloth (grade 80) and then centrifuged at 3000 g [11] . It was centrifuged for 15 min at temperature of 4 °C.
Preparation of Pectin Solution
The pectin solution was prepared at the concentration of 0.5%. The solution was prepared by diluting the pectin into 0.3 M NaCl solution. The solution was heated at 100 °C on the hot plate. The solution was stirred until the pectin completely diluted in NaCl solution [12] .
Experimental Procedure to Produce Methanol
The methanol was produced by mixing 10 mL of the extracted lime peel juice that contained PME enzyme with 90 mL pectin solution. For the pectin solution, the pH value was adjusted to 9 using NaOH. Then, the extracted lime peel juice was mixed with the pectin solution. The sample was put in the incubator shaker. The temperature for the incubator shaker was controlled at 25 °C and agitation at 150 rpm. Samples for analysis were collected for every 10 min for 90 min [13] .
Methanol Analysis by Using HPLC
The samples were filtered using nylon syringe filter (0.45 µm, Millipore) and it was in-
jected into vials. High performance liquid chromatography (HPLC) (Agilent Series 1200) was used to analyze the composition of methanol in the samples. Agilent Hi-Plex H (8% crosslinked) (7.7 × 300 mm, 8 µm) was used in the analysis. The mobile phase that used for the analysis was water and it was set at 0.6 mL/min for the flow rate. The retention time between the samples and methanol standards were compared in order to determine the methanol contents [14] .
Determination of Degree of Esterification
Titration method was applied to determine the degree of esterification (DE) of pectin [15] . The pectin sample (0.5 g) was dissolved with 2 mL of ethanol and 20 mL of distilled water. Five drops of phenolphthalein reagent were added to the solution after the pectin sample completely dissolved. The solution was titrated using 0.1 M NaOH (V1) until it changed to pale pink colour. Then, 10 mL of NaOH (0.5 M) was added for the hydrolysis process. After 20 min, 10 mL of 0.5 M HCl was added and stirred until colour of the solution changed to colourless. After that, five drops of phenolphthalein reagent was added into the solution and 0.1 M NaOH (V2) was titrated until the solution changed to pale pink colour. Equation 5 was used to calculate the DE of pectin where V1 and V2 were initial and final volume of 0.1 M NaOH, respectively. and Vmax for the activity of PME enzyme. Conventionally, the KM and Vmax values were determined using Lineweaver-Burk plot. Equation 6 was obtained by rearranging the MichaelisMenten equation [9] . The plot was done by plotting the inverse initial velocity (1/V) versus inverse substrate concentration (1/S).
(6)
In this study, Euler's and Runge-Kutta 4 th order methods also used to solve the Equations 2 and 3 in order to determine the values of KM and Vmax. The experimental data were fitted to both equations and solved using Solver that included in Microsoft Office Excel. The correlation coefficient (R 2 ) was determined to measure how close the set of data to the theoretical kinetic curve. Figure 1 shows the pectin concentration was decreasing from 2.1 g/L to 1.0 g/L after 90 minutes reaction with the PME enzyme. The figure showed the concentration of pectin was decreased with the increase of reaction time. The reduction of pectin concentration was considered to be expected because the PME enzyme was capable to hydrolyze pectin to produce methanol and pectic acid [3] . Figure 2 shows the concentration of methanol was increased when the reaction time increased. The high amount of product was formed when the enzyme was incubated with the substrate for longer reaction time. The con- centration of methanol increased due to the demethylation of pectin by PME enzyme [16] . The biological breakdown of pectin is catalyzed by the PME enzymes. PME enzyme capable to hydrolyze the ester that presents in the pectin backbone and release methanol [17] . The reaction of PME enzyme was occurred according to the double-displacement mechanisms.
Results and Discussion
Reduction of Pectin Concentration
Methanol Concentration
The deesterification of pectin starts from the reducing end of pectin chain or nears the free carboxyl group [18] . The deesterification occurred by transfer the C6 carboxyl group in pectin-PME complexes to water molecules. It altered the degree and pattern of methyl esterification and transacylation through transferring the C6 carboxyl groups to the hydroxyl groups of another pectin molecules and resulting in the formation of high molecular weight pectins with new non-methoxy ester linkages. The activity of enzyme capable to remove the methoxy group and produce free carboxylic radical [12] . However, the formation rate of the product is not a simple linear function of the reaction time.
Lineweaver-Burk Plot
Michaelis-Menten equation was used to estimate the kinetic parameters from the result that obtained from the experiment. The Michaelis-Menten equation was rearranged into a linear equation by taking the reciprocal of both sides as shown in Equation 5 . Figure 3 shows the Lineweaver-Burk plot of PME enzyme activity. The intercept of the straight line was used to determine the values of Vmax and KM which the y-intercept and slope represent the 1/Vmax and KM/Vmax, respectively [20] . The KM value that obtained from the plot was -2.07 g/l while Vmax was -0.006 g/l. The negative values for both kinetic constants are probably caused by the fact that enzyme was saturated at low substrate concentrations [21] . According to Dhatt and Bhattacharyya [22] , by employing Lineweaver Burk plot, the lowest substrate concentrations, which often have the greatest error, have more influence on the slope than the highest ones. The reciprocal transformation introduces errors that are much higher at low substrate concentrations of substrate and linear regression should not be used to analyze the data. Therefore non-linear regression should be employed to fit the data to the MichaelisMenten equation instead.
Euler's and Runge-Kutta 4 th Order
The values of kinetic parameters also determined using Euler's and Runge-Kutta 4 th order methods. Euler's method is a numerical method to solve first order first degree differential equation with a given initial value. It is the most basic explicit method for numerical integration of ordinary differential equations and is the simplest Runge-Kutta method while Runge-Kutta 4 th order meaning that the local truncation error is on the order of O(h 5 ), while the total accumulated error is order O(h 4 ). The values of KM and Vmax were estimated by solving Equations 2 and 3 concerning the substrate concentration and product formation based on Euler's and Runge-Kutta 4 th order methods by using Microsoft Office Excel [23] . In this study, pectin was used as the substrate while the product that produced was methanol.
The initial values for pectin concentration and methanol concentration were 2.14 mg/L and 0 mg/L, respectively. The experimental data were fitted to Michaelis Menten equation (Equations 3 and 4) using least squares regression. The kinetic constants were determined by minimizing the sum of squared residuals which was the difference between an experimental value, and the predicted value provided by Michaelis-Menten equation [6] . By using Euler's and Runge-Kutta 4 th order methods, the predicted value of substrate and product could be calculated. Microsoft Excel Solver was utilized in this calculation to minimize the sum of squared residuals while getting the kinetic constant that would fit the data to MichaelisMenten equation. Figure 3 . Lineweaver-Burk plot to determine KM and Vmax of PME enzyme The kinetic calculation from both methods shows the KM value was 2.08 g/l while Vmax was 0.04 g/l. The KM was identified when the substrate concentration at half of the maximal rate (Vmax) [24] . The value of KM represents the strength or affinity of binding between the substrate and enzyme. The affinity was greater when the value of KM low and the concentration of substrate that need to achieve the reaction rate also low. The value of Vmax that obtained in this study depends on the substrate used, the concentration of salt, reaction temperature and pH of reaction. The value of Vmax that obtained in this study was very low and it showed high affinity of the substrate [25] .
Experimental and Predicted Values of Pectin and Methanol
The application of Euler's and Runge-Kutta 4 th order methods capable to calculate the predicted values for pectin and methanol concentrations. Table 1 shows the predicted values obtained when calculated using both methods. Figure 4 and 5 shows the experimental and predicted values that calculated using RungeKutta 4 th order method. The experimental and predicted values for the concentration of substrate that used in methanol production is showed in Figure 4 . The figure shows the concentration of pectin was decreased with the increase of reaction time. This due to the demethylation of pectin by PME enzyme [26] .
The predicted values were observed to be in good agreement with the experimental values with the R 2 was 0.90. Figure 5 shows the methanol concentration that produces during the experimental and predicted values versus the reaction time. The predicted values are very close to those measured by experiment and the R 2 was 0.91. From Figure 2 , it shows the concentration of methanol was increased when the reaction time increased. The concentration of methanol increased due to the activity of PME that catalyzed the C-O bond hydrolysis of the methoxylester groups of pectin to form methanol and converted the pectin into pectate [13] .
Conclusion
The major problem to produce methanol using PME enzyme is the lack of kinetic data. The kinetic parameters were determined based showed the good agreement between the result obtained and the predictions model in the production of methanol using PME enzyme. This conclusion also validated the result obtained by the statistical significance.
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